Introduction
Seedlings of higher plants germinated in solutions of chloramphenicol (D-threo-N-dichloroacetyl-1-pnitrophenyl-2-amino-1,3-propanediol) have their developnment inhibited. The most noticeable effect is the inhibition of the formation of normal green color of leaves (13, 16) . Chloramphenicol is a specific inhibitor of protein synthesis in bacteria where it inhibits the incorporation into protein of amino acids attached to soluble ribonucleic acid (3) . Chloramphenicol can also inhibit amino acid incorporation catalyzed by a cell-free system obtained from higher plants ( 14) . The (20) , except that seeds were not sterilized with hypochlorite. Normal green plants were grown in a greenhouse and were subirrigated with nutrient solution. Etiolated plants were used 6 days after planting, and primary leaves of the greenhouse grown plants were used 8 to 12 days after planting. 0 Application of Chloramphenicol: Chloramphenicol was a gift of Parke, Davis and Co. Unless mentioned, solutions of antibiotic contained 4 nig,/ml. 1 Received Dec. 2, 1961 . 2 Published with the approval of the secretary of the Smithsonian Institution. 3 Research was supported in part by funds provided by U.S. Atomic Energy Commission Contract AT (30-1) -
2373.
Solutions were applied to leaves by either of two procedures which follow.
I. Leaves, which included the entire epicotyl, a short piece of hypocotyl, and one cotyledon (see fig  1) were placed in petri dishes which contained a disc of filter paper and chloramphenicol solution. For each square centimeter of petri dish area 1/10th ml of solution was used, so that contact with the cotyledon of each of the leaves was provided, but the leaves themselves were not submerged. This Irradiation chambers were used so that a large number of samples could be exposed to the same atmosphere containing carbon dioxide-C14 of known specific activity. Two test chambers were arranged in parallel with a gas generator and vacuum line. The chamber and gas generator were evacuated, and 250 Mmoles of carbon dioxide-C14 of known specific activity were generated. The gas in the generator was flushed into the chambers with carbon (lioxide free air till the pressure was nearly that of the atmosphere. The volume of the system which contained radioactive carbon dioxide was about a liter. One chamber was covered with aluminuml foil an(d the other w-as illuminated for 10 minutes. Light, supplied from white fluorescent lamps, had an intensity of about 1,000 ft-c at the level of the chamber.
The ambient air temperature was about 20 C. After illumination, the chambers w-ere evacuated, flushed with carbon dioxide free air, and the radioactive carbon (lioxide trapped in sodium hydroxide. Then the chambers were opened andl the leaf samlples ( The resulting supernatant suspension was centrifuged at 10,000 X g for 30 minutes. The pellet from this centrifugation was suspended in 2 to 5 ml of solution with the aid of a Tenbroeck homogenizer, and the suspension was filtered through glass wool. The solution used for suspending the pellet was the same as that used for grinding leaves, except that Versene was omittedl.
The Hill reaction with quinone as oxidant was measured manometrically (18) , and that withl ferricyanidle as oxidant was measured by observing the decrease in optical density at 400 mg. Each 3.0 ml of reaction mixture contained 1.5 Lmoles of ferricyani(le and 2.0 ml of the buffer used for suspension of the plastid particles. The millimolar extinction coefficient used for calculation of rates of ferricyanide reduction was 0.96 (A. T. Jagendorf, personal communication). Irradiation for the quinone reaction was with light from white fluorescent lamps which gave an intensity of 1,000 ft-c at the level of the manometer flasks. The light for the ferricyanide reaction was obtained from a 300 watt photoflood bulb and was filtered through 10 The lack of inhibitory action of chloramphenicol on hook opening has been confirmed using excised hooks (table I) . The irradiated hooks were exposed to 400 "w/cm2 of red light (600-700 m/A) for 10 minutes, and then incubated in the dark for 24 hours, at which time hook opening was measured (8) . Measurement of the anthocyanin content of hypocotyls of chloramphenicol-treated and control plants showed no inhibitory action of antibiotic at the end of 24 hours of irradiation. However, a 25 % inhibition Fig. 1 (top) . The effect of chloramphenicol and light on leaf development. Reading from left to right, the petri dishes contain: (1) water, (2) 4 mg/ml chloramphenicol, and (3) water. Dish 1 had been kept in the dark for 24 hours, and dishes 2 and 3 exposed to light for 24 hours. Fig. 2 (center) . The effect of chloramphenicol on plant development in the light. The plants on the left had been treated with a solution of chloramphenicol (4 mg/ ml) and those on the right were treated with water. Both groups of plants were then exposed to light for 24 hours. Although chloramphenicol results in an inhibition of (levelopment of photosynthetic activity wlhen it is present during the period of chlorophyll accumulation, it has no effect on photosynthesis when chlorophyll is already fornmed (table IV) . Leaves were irradiated for 24 hours without chloramphenicol and were then returned to the dark. Some of thenm were transferre(d to dishes containing chloramlpheinicol. The renmainder were left in water. At the endl of 4 lhours, both antibiotic-treatedl an(I control leaves were testedl for the abilitv to fix carbon dioxi(le in the light. No significaint (lifference vas note(l. m,u. The location of the minor red peak from material obtained both from treated and untreated leaves differs from that of chlorophyll b (7) .
The results of a typical experiment testing the effect of chloramphenicol concentration on chlorophyll accumulation are presented in figure 6 . Leaves were irradiated for 18 hours. No inhibition was observed at 5 jug/ml, but a significant 15 The value for chlorophyll content and for carbon dioxide fixed/g fresh weight of leaf for the control (no chloramphenicol) in each experiment was set equal to 100, and other values adjusted accordingly.
In each experiment the ratio of photos)ynthesis to chlorophyll for each concentration of chloramlphenicol was calculated. Then the average value of this ratio for each concentration of chloramphenicol was calculated for the four experiments and is presented in the table.
Each column under the heading, Experinmenit Series 2, represents an individual experinment in wliclh carbon dioxide fixation was conducted in irradiation chambers. This procedure permitted uniform exposure to light and atmosphere containing C14O. of three replicates for eachl of six groups of leaves, each treate(l with a different concentration of chloramiiplheniicol. An equal nunmber of samples were exposed to the same atmosphere, at the sanme time, in the (lark. Ratios of photosynthesis to chlorophyll content for each leaf sample were calculatedI and, then the average ratio for each concentration of chloramiiphenicol. The ratio for zero concentration of anitibiotic \\ a set equal to 100 aln(l the values for other conicelntrations adjusted accordingly.
Significant inhibition canI be obtaine(d at a conicentration as low as 5 ug/nml. Inhibitioni is always observed at a concentration of 40 ug/ nl or lowx er.
Inhibition of 90 %tc is consistently observed at 4 ng/ ml.
The possible causes of variability within experiments has not been investigated. One possible source is the procedure by which chlorophyll contenit is estimated. For this estimation, leaf samples other thani those actually exposedlto carbon dioxide-C14 were used.
Ferricyanide Hill reaction activity of green particles from leaves treated with chloranmlphelnicol and irradiated for 24 hours is only a tenth that of particles from control leaves not treated with antibiotic ( Almost complete inhibition of protein synthesis of bacteria can be obtained at a concentration of chloramphenicol of 10 iug/ml (3) . In contrast, the incorporation of amino acids into protein by a cellfree system from maize endosperm is inhibited only 60 % by 0.4 mg/ml (14) . Thus the requirement for concentrations of 0.4 to 4.0 mg/ml to obtain nearly complete inhibition of light dependent development of photosynthetic activity of bean leaves can be consistent with action through a specific inhibition of protein synthesis.
The concentration of chloramphenicol needed within the plant to prevent development of photosynthetic activity cannot be determined from the data presented. It is probable that this concentration is less than that of the solution applied, since it has been observed that the concentration of chloramphenicol within higher plants can vary from 100th to 1/3 that of the solution applied (4, 5, 12) . These variations depend, in part, on the plant species used and on the mode of application of the antibiotic.
The lack of Hill reaction activity of plastid material from chloramphenicol-treated leaves can fully account for the lack of photosynthetic activity of those leaves. It can be concluded that etiolated leaves lack a substance, other than the photosynthetic pigments, which is needed for photosynthetic activity.
When present in photosynthetically functional leaves, this substance, possibly a protein, is intimately bound to the chloroplast. The lack of Hill reaction activity in plastids from antibiotic-treated leaves does not mean that this reaction is the only point at which a component necessary for photosynthesis is ratelimiting.
Like the inhibitory effect of chloramphenicol on the development of photosynthetic activity, the inhibitory effect of the antibiotic on chlorophyll accumulation can also be interpreted in terms of an inhibition of protein synthesis. Two possibilities are considered: A, That the inhibition of chlorophyll formation is a result of increased photooxidation of leaf pigments because of the inability of antibiotictreated leaves to photosynthesize. The pigments of leaves treated with inhibitors of photosynthesis are more susceptible to the photooxidation than are the photosynthetically active pigments (15 Literature Cited
